Key indicators: single-crystal X-ray study; T = 173 K; mean (C-C) = 0.004 Å; disorder in main residue; R factor = 0.041; wR factor = 0.106; data-to-parameter ratio = 18.5.
In the title compound, C 20 H 19 FO 2 S, the cyclopentyl ring adopts an envelope conformation. The 4-fluorophenyl ring makes a dihedral angle of 27.10 (7) with the mean plane of the benzofuran fragment. In the crystal, molecules are linked by weak intermolecular C-HÁ Á ÁO hydrogen bonds and C-HÁ Á Á interactions. In the cyclopentyl ring, one C atom is disordered over two orientations with site-occupancy factors of 0.617 (7) and 0.383 (7) .
Related literature
For the pharmacological activity of benzofuran compounds, see: Aslam et al. (2009); Galal et al. (2009); Khan et al. (2005) . For natural products with benzofuran rings, see: Akgul & Anil (2003) ; Soekamto et al. (2003) . For structural studies of related 2-(4-fluorophenyl)-3-methylsulfinyl-1-benzofuran derivatives, see: Choi et al. (2010 Choi et al. ( , 2011 Table 1 Hydrogen-bond geometry (Å , ).
Cg is the centroid of the C1/C2/C7/O/C8 furan ring. Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Bruker, 2009); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 1998); software used to prepare material for publication: SHELXL97.
D-HÁ
of the title compound.
The title compound crystallizes ins the non-centrosymmetric space group Fdd2. The crystal studied was an inversion twin with a 0.85 (7) : 0.15 (7) domain ratio.
In the title molecule ( Fig. 1) , the benzofuran unit is essentially planar, with a mean deviation of 0.024 (2) Å from the least-squares plane defined by the nine constituent atoms. The cyclopentyl ring is in the envelope form. In the cyclopentyl ring, the C10 atom is disordered over two positions with site-occupancy factors, from refinement of 0.617 (7) (part A) and 0.383 (7) (part B). The dihedral angle formed by the 4-fluorophenyl ring and the mean plane of the benzofuran fragment is 27.10 (7)°. The crystal packing (Fig. 2) is stabilized by weak intermolecular C-H···O hydrogen bonds between a methyl H atom and the O atom of the sulfinyl group (Table 1 ; C20-H20B···O2 i ). The crystal packing (Fig. 2) is further stabilized by intermolecular C-H···π interactions between a 4-fluorophenyl H atom and the furan ring (Table 1; C16-H16···Cg i , Cg is the centroid of the C1/C2/C7/O1/C8 furan ring).
Experimental 77% 3-chloroperoxybenzoic acid (224 mg, 1.0 mmol) was added in small portions to a stirred solution of 5-cyclopentyl-2-(4-fluorophenyl)-3-methylsulfanyl-1-benzofuran (293 mg, 0.9 mmol) in dichloromethane (30 mL) at 273 K. After being stirred at room temperature for 4h, the mixture was washed with saturated sodium bicarbonate solution and the organic layer was separated, dried over magnesium sulfate, filtered and concentrated at reduced pressure. The residue was purified by column chromatography (hexane-ethyl acetate, 1:2 v/v) to afford the title compound as a colorless solid [yield 72%, m.p. 419-420 K; Rf = 0.67 (hexane-ethyl acetate, 2:1 v/v)]. Single crystals suitable for X-ray diffraction were prepared by slow evaporation of a solution of the title compound in ethyl acetate at room temperature.
Refinement
The reported Flack parameter was obtained by TWIN/BASF procedure in SHELXL (Sheldrick, 2008) . All H atoms were positioned geometrically and refined using a riding model, with C-H = 0.95 Å for aryl, 1.00 Å for methine, and 0.99 Å for methylene and methyl H atoms, respectively. U iso (H) = 1.2U eq (C) for aryl, methine, methylene, and 1.5U eq (C) for methyl H atoms. One of the C atoms of the cyclopentyl ring is disordered over two positions with site occupancy factors, supplementary materials sup-2 from refinement of 0.617 (7) (part A) and 0.383 (7) (part B). The distances of equivalent C9-C10A and C9-C10B, and C11-C10A and C11-C10B pairs were restrained to 1.525 (3) Å, 0.001 Å and 0.001 Å using command DFIX, SADI and DELU respectively, and displacement ellipsoids of C10 set were restrained to 0.01 using command ISOR.
Figures
Fig . 1 . The molecular structure of the title compound with the atom numbering scheme. Displacement ellipsoids are drawn at the 50% probability level. H atoms are presented as small spheres of arbitrary radius. The C10 atom of the cyclopentyl ring is disordered over two positions with site occupancy factors, from refinement of 0.617 (7 ) (part A) and 0.383 (7) (part B). 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. (<1) S1 0.28603 (2) 0.120706 (14) (7) 0.0290 (7) −0.0008 (6) 0.0008 (6) 0.0027 (6) O2 0.0312 (8) 0.0433 (9) 0.0365 (8) 0.0021 (7) −0.0056 (6) 0.0111 (7) C1 0.0253 (9) 0.0257 (9) 0.0277 (9) 0.0004 (7) 0.0014 (8) 0.0018 (7) C2 0.0262 (9) 0.0265 (9) 0.0344 (10) 0.0029 (7) 0.0022 (8) −0.0022 (7) C3 0.0411 (12) 0.0342 (11) 0.0319 (10) −0.0022 (9) 0.0019 (9) −0.0036 (9) C4 0.0419 (13) 0.0368 (11) 0.0425 (12) −0.0004 (9) 0.0001 (10) −0.0133 (9) C5 0.0400 (12) 0.0279 (10) 0.0510 (14) −0.0023 (9) 0.0008 (10) −0.0085 (10) C6 0.0383 (12) 0.0247 (9) 0.0492 (13) 0.0006 (8) 0.0032 (10) 0.0004 (8) C7
0.0301 (10) 0.0277 (9) 0.0336 (10) 0.0036 (8) 0.0002 (7) −0.0022 (8) C8
0.0239 (9) 0.0288 (9) 0.0294 (10) 0.0018 (7) 0.0029 (7) 0.0033 (7) 0.0247 (9) 0.0303 (9) 0.0261 (9) 0.0018 (7) −0.0001 (7) 0.0017 (7) Geometric parameters (Å, °) S1-O2 1.4973 (16) C10B-C11 1.5258 (14) S1-C1 1.767 (2) C10B-H10C 0.9900 S1-C20 1.789 (2) C10B-H10D 0.9900 F1-C17 1.354 (2) C11-C12 1.507 (5) (14) C18-H18 0.9500 C9-H9A 1.0000 C19-H19 0.9500 C9-H9B 1.0000 C20-H20A 0.9800 C10A-C11 1.5266 (14) C20-H20B 0.9800 C10A-H10A 0.9900 C20-H20C 0.9800 C10A-H10B 0.9900 O2-S1-C1 106.63 (9) C12-C11-C10A 103.6 (3) O2-S1-C20 106.03 (10) C12-C11-H11A 111.0 C1-S1-C20 97.93 (10) C10B-C11-H11A 82.5 C7-O1-C8 106.75 (15) C10A-C11-H11A 111.0 C8-C1-C2 107.34 (18) C12-C11-H11B 111.0 C8-C1-S1 125.54 (16) C10B-C11-H11B 131.4 C2-C1-S1 126.22 (16) C10A-C11-H11B 111.0
Hydrogen-bond geometry (Å, °)
Cg is the centroid of the C1/C2/C7/O/C8 furan ring. 
